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(54)TIUe: OCCLUSION OF A VESSEL 




(57) Abstract 

A device for occluding a vessel employs one of a nunober of diffcTcni expansion memben ioined to one or more elongate memben. 
The expansion member may inchide a braid, one or more coils, ribs, a ribbon-like stnicnue. a slotted nibe. or a filter-like mesh. If the 
expansion member is eBcloced tsy a suitable merebrane. the device teals with the vessel wall to partially or completely occhide the vessel. A 
perforated membrane may be used to permit the perfusion of blood. The expansion member may be se)f-<xpanding. or it may be expanded 
by engaging it with one of the elongate memoets. Alternatively, the expansion member may be expanded by heating IL 
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oecuntni of a vessb. 

FitW of thn Inywiian 

Thi prmm mvaation nia W gtMnBy to the eccbsion of ■ vmil inthii « ptHm. and mora spedf ieally. 
to an apparatus and mattud of partiiBy or campiately occluding a miaL 
DaaaiBtiiiii iif thfl Hebtiwl An 

Attanpts hontofora ha«a baan mada to treat oeetasians in tha carotkl arttrias leading to the braii. 
Nomvar. uOt arteries hava been my difTcult to tieat becausa of tha posdiity of diilodgns plaque which can 
antar various anariai vessels of the brain and causa pennanent brni damaoa. Attempts te treat such oeckisions 
with baHoen angioplasty ha«e bean »anf linitad because of such danpeis. In surgical traatmenu. such as 
andartenctomr. the carotid artery is slit and pleque is lameoad from the vassal ai the slit area. Such sugicel 
procedures have substantial risk associated with tham wMch can bad to morbidity and mnrtalltv. 

In DthET proceduras. such as in angioplesty and in the trsamant of paripharal ertwias and veins, thare is 
tha possibility that th. guide wves and cethsters used in such procadurts dwiia depbyment of the some tney e«ne 
dislodpnwit of debris or emboli which can flow downstream end cause serious demape. such as stroke, if tbay 
octkide blood flow in smiler vessels. Thus, in sunmary. embofization and mipretioo of nacro«nboi dowostraam 
to an end oigan is a major concern of cardiologistt during catheterizations. 

Thnra a tharafora need for new end improved apparaius and mathods which make it possible to treat 
ocebidad vassab without ondangarins tha patient 

SuBeiHtv at thn Iniwntimi 

The present invention setisfies the need for a davica that occludes a vessel, in partinlar, a vassal n a 
paiieot onde-geeq, theiapeutic or other medical tiaaimem. Any one of a noidier of diHerent eipension members 
en Mned to one or more elongate members such es hypotubes to f omi a device thet complstaiy or partially occludes 
a vessel within a patient. The expansion membw n>y b. seH-eipemiing. it mey be aipanded by engaging it wMi 
one of the elongate mimberi, or it may be hooted to eeuse h to espend. A membrane prafaebly surrounds the 
eipansion mctiter so that a letl is made between the membrane and the vassal Tha perfusion of Uood is allawad 
H tha mindrsne b perforated. Partiel oedusion may be obtainad witlnit a membrene if a suitabta npansim 
member is chosen. In generaJ. in one aspect of tha presem nvantioa there is provided en apparatus and method 
Itat can be used whh approved diagnostic and therapeutic devices to reduce the chance of embofi migratoig 
downstream. Aharnativaly, tha expanskm member may anchor an intravascular device within a vessel 

One ambadinent of the presem invention is e device for ecekniing a vascular segment, ei which the devce 
inAdas an ispansinn member end first e»l second elongate menters. Tha fast ahmpate member engeges the 
espension member, and tha second elongate member surrounds the first eiengata mndiar. with tha sspansion mndier 
aspandbig te occhide the vascular segmam when one of the elongate members is moved longitudineily. The 
eipansion member praferably incbides a braid, a coi. e ribfao»fka structure, a stottad tuba, a pkiraKiy of rin or a 
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fifttf-Okf mesh. l\m dme imy abe inckidt matviil that adjoins the azpansian mambtr for craatng a partial or 
total aaai with tha vascular taamaot. 

In one particulir embodimant the expansion member is in an unexpended stete when i! is surrounded by 
the aecnnd elonoete member, but expands when the first elongate member is pushed throuoh the second elongate 
mamber. In another embodimem. both the first and second ebngMe members ere secured to the expansion menter. 
and the expansion member expands as the first elongate member is retracted. 

Another embodiment of the invaation is a method of ocdudino a segment wrthin e vessel which includes 
the step of inserting first end eecoml elongeta members into the vessel to be ocdoded (in which the first elongate 
member adjoins an axpenaion mambarL folowed by the step of varying tha position of at lent one ef the elongate 
members so that the expansion mamber expands until the vessel is completely' or partially occluded, bi one 
embodimem. the verying step incMes ivtraeting one of the elongate members, end in enother entodiment the 
verying step comprises pushing one of the elongate membera through the other elongate member. In yet another 
method of occhiding a segment within a vessel an expansion member is bserted within the vessel and the expansion 
member is heated to cause it to upend until the vessel is et least partially occluded. Heateig the expension member 
may invoh^e, for example, passing electfical current through rt or passing wann solution over or neer it. 

Brief Description of the Drawinffa 

FIG. 1 is a side«levational view ai section of one embodiment of a catheter apperetus incorporating the 
present invention for treating ocduded vesials. 

FIG. 2 is a side-elevational view n aaction simiar to FIG. 1 but showing the apparatus in FIG. 1 with the 
expansion member (in this case, a salf-expendeUe seal) deployed. 

FIG. 3 is a stde^levationai view ai section of another embodsnent of e catheter epparatus ineorporatiig 
the present invention for treeting ocduded vessels. 

FIG. 4 is a view simiiar to FIG. 3 but showino the expansion member (in this case, a self-expandable seal) 

deployed. 

FIG. 5 is a schematic, longitudral cross sectional view of en embodiment in which a membrane only 
partially surrounds a braid used as the expansion menter. 

FIGS. 6A and 6B show end views of unpeHorated and peHorated memfaranes, respectively. 

FIG. 7 is e schematic, longitudinal aoss sectional view of en embodiment in which a braid without a 
mambrane is used. 

FIG. 8 is a schematic, longhudinal cross sectional view ef en embodiment in which a filter-Iiice mesh is used 
OS the expension member. 

FIG. 9 is a schemetic, longitudinal cron sectional view of an embodiment n which a alotted tube ts used 
OS the expansion member. 

FIG. to is s perspective view of the slotted tube used in the embodinent of FIG. 9. 
FIG. 1 1 is e schematic, bngitudinal aoss sectional view of an ambodenent in which e cofl Is used es the 
expansion member, and the proximal end of a membrane surrounding tha coil adjoins the coil 
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FIG. 12 h a schematic, longitudinal crou sactimat viaw of an ambodmnt n which a eoi it tuad as the 
sxpansbn mamher. and tha prounal and ol a membrana aurroundrng tha coi adjoins a shaith that surrounds both 
first ami sacond alongata nwnban. 

FIG. 12A is an ambodimant similar to that shown in FIG. 12. in which rasistiva haatitQ b used to eipand 
tha aipansion nwnber. with currant bainp conducted through wra faaing anachad to eithar side of tha axparuion 
member. Tha expansion member as shown is partialy depieyel 

FIG. 12B is an embodimBnt similar to that shown ai HG. 12A, in which resistive heating is usad to expand 
tha expansion member, with current being conducted thrmigh e wire being anached to tha distal and of the expansion 
member and through e coeting on the first elongeta member. Tha axpansion member as shown n parttaKy daployad. 

FIG. 13 is B schematic side cross sectional viaw of an embodiment in which a pluraKty of ribbons are used 
as tha expansion member. 

RG. 13A is en embodiment similar to that shown in FIG. 13. n which a warm solution passes between 
the first and second elonpate members to transfer heat to tha expansbn menttier. causmg it to expand. The 
expansion member as shown is partially deployed. 

FIG. 13B is an embodrant simiar to that shown in FIG. \3K in which a wami solution passes through 
the first eiongete member to trensfer heat to the expansion member, causing it to expand. Tha expansion member 
as shown is pertieUy deployed. 

FIG. 13C IS en embodimem simitar to that shown in FIGS. 13A and 138, in which a warm solution passas 
through one or more lumens in the first elongate member to transfer heet to the axpansion member, causing it to 
expand. The expansion membir as shewn is partially depbyed. 

FIG. 14 is a schematic side cross sectional viaw of an embodimem in which a phiraety of riu are used 
as the ejpansron member. 

FIG. 15 is an bometnc view of an embodiment of the invention in which a puU wra is used to deploy a 
phirebty of non-seff -expanding ribbons surrounded by a membrane. 

FIG. 16 is a side partial sectional view of the embodiment of FIG. 15 in which the ribbons ara in their 
retaied, undeployed position. 

FIG. 17 is a sida elevainnal view of the embodxnent of FIG. 15 in which the ribbons ara deployed, and tha 
membrami makes a seal with tha vassal 

FIGS. ISA and 18B show longitudinal and end perspactiva views, respectively, of a locking mechanism used 
with a wire that deploys an expansion member. 

FIG. 19 is a perspective view of en ahamathre tocking mechanism used whh a wire that depkiys an 
expansnn mandiar. 

FIGS. 20A. 20B. 20C. ami 200 show, respectively, a braid, a filter ike mesh, e shitted tube, ami e pkirality 
of coiU. whKh can be used as ahernative expansion members in place of the ribbons in the embodimem of FIG. 15. 
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DttaiiBi Dggrimon of thg Prff erred gmbodimims 

The npittsian nmfairs discinsid herein inckide brate coils, ri& ribboo^e structwes. sioned tubes, tnd 
fitor4ike mothts. Thoso expansion members may be partialv covered or compieteiy surrounded by a membrane or 
other covering to provide ocduston or seaiino of the vessel As used imnku 'ecckiiion-' or "ssalino". and the Ike, 
mean partial or complete bjockage of ffaiid flow in a vascular segment, as it is sonsetimes prelerable to aHow 
perfusion. Moreover, such expansion members may be deployed by various mechanical means, etactrical meens or 
thermomechanical means, etc^ as desaifaed herein. Expansion members that are deployed mechanicaliY are preferably 
'spring-Uce" n nature, u. they ire preferably resilient to facitate thek depiovment or ritrection. 
Catheter Apparatuses and Self.ginaiiiliii«i Br«,lf 

Ona embfldlmBm of a cathtter apparatus hcorpoiating the prasant invention for treating occluded vessels 
is shown in Rgores 1 and 2. As shown therein, the cethetar apparatus 651 consists of a flexible etonpate mendier 
652 wb<h is provided with proximal and distal enrenatiBs 653 and 654. A conventional adapter 656 is mounted 
on the proxfnal enremity and is provided with a Touhy Borst fhting 657 which is in communication with a large 
central lumen 65B extending from the proximal extremity 653 to the distal extremity 654. An aspiration fitting 661 
is provided on the adapter 656 as well as an irrigation fitting 662. both of which are in communication with the 
central ktmen 658. However, it should be appreciated that if desired, separate lumens can be provided in the flexible 
riongate member 652 for both of the fittings 661 and 662. 

Self-expanding seali^ mechanism 666 is mounted on the distal extrenvty 654. ThiTaelf-expanding seeing 
machantnn 666 can take any suitable form. For example, es shown it can consist of a braided structure 667 formed 
of e suitable shape mamary material such as a nickel titanum alby that wi attempt to expand to a pradatannined 
shape mumory. Other than shape memory materials, other materials such as stainless steel. Elgitoy^, titanum or 
other materials can be utilized in the bretd 667 as long as they have the capability of expandi^ when the self* 
oxpendini) seal mechanism u released. Also it should be appreciated that the seH-oxpanding seal mechanism 666 
can be comprised o1 an absorbent material which when h absorbs nine or bbod expands to form e seal Such 
seals can be readily accomplished beceuse it is only necessary to form e seal of approximately U psi to prevent 
smell particles from moving downstream. 

In order to prevent abresion of a vessel it is desirable to cover the braided structuro 667 with e coveimg 
B6B of a suitable materiel such as a polymer or a biocompatU coating which extends over the braided structure 
867 and which moves with the braided stmcture 667 as it expands and caotracts. The polymer can be of e suitable 
material such as sieona. C flex. polyethylene or PET which would form a good saafing engagement with the waU 
of the anery. The covering 668 may be periorated to aUow perfusnn. 

A mechanism is provided for compressing the soif-expanding saalng mechanism 666 so that the apparatus 
can be insened into the vessel 481 and consists of an elongate sleeve 771 having proxintti and distal extrenaties 
772 and 773 and a bore 774 extending frem the proximal extremity 772 to the distal extrennty 773. A colar 776 
is mounted on the proxinal extremitY 772 of the sleeve 771 and ii positioned nur the adapter 656. The collar 776 
serves ai a mechanism for retractmg the sleeve as shown in Figure 2 to uncover the self-expanding sealing 
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mictaosm 666 afm the catheter hu been deployed to pennt th« »lf.Hp.ndino sniino meehanni 666 to upand 
end ioim a seal with the anetial vesul adjaoant the stanosix to be treated. 

Anoihar entiedbnant of a catheter apparatus lor treatino occluded veaseb ineeiporatng the present 
enantien is shown in Figurea 3 and 4. As shorn therein, the apparatus 781 consists of e guiditB catheter 782 
haiiig mma and distal eztrenitiu 783 and 784. As shown, the distal astrandtr 784 is provided with a pr^ 
fanned band of a con««itional type. A conwntional attachment 786 is maunted on the proiml eitranity 783. 
Seif-aipaoding sael mechanism 791 is mounted on the distal .itram<ty 784 and is at the type hereinbefore descrHmt 
in conneaion with the embodimems thown in Figures I and 2. A slene 796 sMbr to the Haaye 771 of the 
previous embodinent is providad e. the pnsant ambodenant for encasing the self -aspanding snl mechanism 791 and 
for releesina the same after it his been disposed in an appropriate position within a msel adjacent the ocdusion 
to be treated. Thus, a tieeva 79B is provided haeing prosimal and distal extnnitiu 797 and 798 and hav eig a bore 
799 extending from th. proiimal extremity to the distal extremity which is sited so that it can receive the guide 
catheter 782. It is provided with a coUsr 801 onlts proximal extrenity which is adopted to be disposed outside 
the petient end which is adapted to be grasped by the physician for puyiig the sleeve 796 proximally to uncover 
the self-axpandino seal 791 after the apparatus has been deployed to pemit the self-eipension of the sealing 
mechanism 791 to form a seal with the vessel wall as shown h Figure 4. 

ta accordance with the hereinbefore described descriptions, it is epparent that the epparatus can be raidily 
deployed and serve the seme function as the main catheter. To accent this, tfaa assembly 781 can be intrednced 
into the femoral artery end the distel extremity edvancod arte the desved loeation ei the erteriel vessel After it 
has been prop«ly positioned, the physician can retract the sleeve 796 to permit the aelf-apaading seal mechanism 
791 to expsod and to fomi e seal with the waU of tho aneriel vessel to ocebide the aneriat vessel and interrupt 
the flow of blood in the vessel to provide e working space distel of the eeehisien farmed. This piavents smal 
particles which may thervifiw fa. dislodged fr«n moving downstream. Since a central kimen is available, the 
therapeuic procedures hereinbefore described can be employed with the catheter epparatus shewn in F«ur« 1. 2. 
3 end 4. 

•tthough the self-expanding sailing mechanism 666 (791| can be deployed by retracting the sleeve 771 
f798) as (iraviously described, the seaImB mechanam cm also be deployed by pushing the fleiDle elongate member 
652 (guiding catheter 7821 through the sleeve so that the seaGng mechanism can expand. This may be the preferred 
way of depteying lb. ..iing mechanisn 666 (791|. if there is fttle cleatanca between the eppiiatus 651 (781) ind 
the vessel within which the epperetus resides, to reduce the risk of damaging the petient's vessel. As dbcussed 
behiw in connactkin with subsequent figures, the seeing mechenism 666 (791> may alternatively compiise members 
such OS e col e iibbon«e stnicture. a siotted tube, or e filterJike mash, hi each case, the sealing mechanism 
expands to partially or completely occlude the veuet in question, or attetnathnlv. to anchor en ntravueuiar device 
to the vessel 
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Ahwnnhf Self-EiMndinii ItoiAf t 

Another emtaodrant luiiig ■ tariMtd stnieturt it shown sehematcaBy in FIB. 5, in which a f luibla elongite 
mmbv 20 is dispossd within t suond itonoatt msmber 24 such os i hrpiiube. A sitt tipandino mechanism 28 
such as a braidsd stnictura is sacarad to the distal and af the alongata mambar 20, preferably within an mdemation 
32 of niamUar 20. The braided structure 28 is enty partially ancipsttlatad by a preferably alastomeric membrane 
3B that makes a seal with the pati&it's vessel 40. (Alternatively, a coating such as a polymeric coatino may be 
used in place of the mantranes disdaud herein.) In this and the other ambodinems, adhesive may be used to 
secure the self-aspandno mechanism 28 and the membrane 36 to the etongate member 20. In the entodtment of 
FIB. 5. the braided stnictura 28 and membrane 36 are designed to be asymmetrical, with more matarial being 
concentrated at the proximal snla of the structure 28. The braids of the ambodiments disclosed herein may be 
stainlen steel 304 or 400, superalestic or heat acthratad Nitmel en iron base shape memorY aBoy. or a polymer 
bese, such as polyethylene or polypropylene. They may be constructed, for esanvie. by using standard equipment 
such as 8 braider. 

Ahhough the embodimBnt of R6. 5 shews the fkaiiilo elongate member 20 connected to a puidewire tip 
44. other technolooies for guiding the device through the patient's vessel 40 may be used in this and the ether 
ombodimBnts. such as a guidewire (either over the wre or single operator) or the exchange catheter method, es fes 
wel known in the ert. Also, although not expiicitiy shown in the embodknent of FIG. 5 and the other erabodknenu 
heraki. these endiodnvnts may inckjde lumens, aipiratnn and Irrigatnn fittings, and collan ike those ikistrated n 
FIBS. X 

The membrene 36 is preferably knpervMus to the flow of bleed (FIG. 6a) for those appficatkms not requiring 
perfusion, ahhough a perforated membrene 36* (FIG. 6b) beving numerous holes 37 therein mey be used m other 
appfcations to aitow the passage of blood. The holes 37 are preferably greater than 10 microns n diameter and 
miy be up to 80 microns or more in dtemeter to permit the passage of btood cells fnominaUy 6-10 microns in 
diameter} through the membrane 36' while blockkig larger partkailates such as emboli Ukawise. a perforated 
memhranu 36' may be used in the other embodenems disckised hereh. Antlthrombogenic coatings can be used (tg., 
heparin) to prevent thrombosis fomiation. 

RG. 7 shows en embodiment w) which a brakled structure 50 is not enclosed by a membrane. When the 
brakled structure 50 comprises, for example, a diamond mesh panarn in which adjacent wirai are separated by about 
10-80 microns, the braided suuciure pemirts the pasuge of red bkwd cells, whde btocking the fbw of matter tfwt 
mey be undesirsble. e.g.. emboB or other particulates that may be fomwd or dislodged during medical procedures. 
Thus, this embodknent is well suited for eppkcations for which perfusion b requkred. 

Altemathre seff-eipandkig media are shown in FIGS. 8 and 9. In FIBS. 8 and 9. a setf expandkig filter-kke 
mesh 60 and s self^pendkig stotted tube 7Z respectivelv. are surrounded by a menArane 62 that is preferably 
elastomeric. The fitter-like mesh 60 (or slotted tube 72) and membrane 62 are bonded or otherwise secured to e 
flexiile etongate member 64. e.g. to an ktdentation therein. As with the other seK-expandmg media disclosed herein, 
the filter-lice mesh 60 lor slotted tube 72) expands from its unupanded state when the flexible etonoete member 
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54 « puM threuph a second .longito mMibor 6B. or .hornotwily. th« neond otongoto mombr 66 « 
mtrocted over ttie first etongMe membir 64. The Hier-Cke mesh 60 (or stoned lubt 72) thn npaods so thit the 
membiain B2 forms » seal whh the surroimdiq vessel 68. A guidnvire tp 70 skis in gwding the device through 
the msel 6B. The fater-Gk. rash 60 and slotted tube 72 ere of a soitable shape rnvnory miterial such a, Nit<m>l 
or 1304 or 400) itaMess steeL The fiheMke mesh 60 is fibrous i, oeture, bemg senmvhat aniogous to neel wool. 
Die dotted tube 72 has a l8ttic»<ln appaarance. The slotted lobe 72 me, be eomtructed, tor eiample, by 
eradiatiog a thin^ tube with a laser beam to lom, hohs in *. tube inthe shape of polypons such as obt.no 
qvadriaterals. An wiexpanded. ilottad tube 74 is siiown n RG. 10. 

FIG. 1 1 Ihiitntu anethar tmbodrant. in Mrhidi a eon 80 sams as the saif-aipandinB maehaiiism. The 
coil 89 may be imegralhr formed with s frit elongate menter 82 or ba otherwise speeiaar joined to it. e.8, by 
vnUing or br«mg the coS to tho elongate member 82. The eoa 80 is surrounded by e menteane 84 that expends 
with the coy when it is pushed out of a second dongete member 86. or akematively. when the «coml elongate 
membar 86 is retracted from the coil 80. Thus, the membrane forms a sul with the surrounding vassal 90. The 
membmne 84 mey be ettaehed directly to the first eiongete mentor 8Z or to e member 86 such as a disk that is 
in turn secured to the coil 80 or the first elongate member 82. A guidewire tip 92 for guiding the device through 
the vessel 90 may be attached to the first etongate member 82 or to the member 88. H one is used. 

An embodimeot senior to that shown in FIG. H is ikistrated in RG. 1Z h which the membrane 64 is 
secured at the prosimBi end to e aeparate sheath 94. In this case, the sheath 04 end the first elongate member 
82 are eitended together over ami through, respectively, the second alonoate mmber 86. Assembly may rm 
preloading the coil 80 through the distal end of the eecond eiongete member 86. 

Another emfaodimant thet employs e sslf-expamlino medium b shown in RG. 13. ei whkh a pkiralitv of 
ribonj 100 make comact with . membmn 102 whle they eipami to urge the memtaiane towards the wall of the 
vessel 104 where h makes e seal. The ribons 100 of this embodimem are preferably secured to a first elongate 
member 106 at both ends of the ribbons, by. for example, gUng them in (dace. The rUon mey be 0.001-0.004- 
X 0.005-0.020" 1 0.25.1.0- suips of Nitinol. stsinhss steel or Efcitoy™ whidi expand whan urgid •« of the Mond 
ekingate mnnber 108. A puidewre tip 110 msy be used for guiding the device through the vessel and is preferddy 
secured to the distal end of the first elongate member 106. 

FIG. 14 ikstrates an embodimeni simiitr to the one in FIB. 13, in which ribs 120 such as wves form a 
series of semidia.br ores when they expand. The ribs 120 ate surrounded by a nwnbrane 122 that expands with 
the ribs to fom. a seel with the vessel 124. The number of ris 120 is preferefaly et leext three. The ribs 120 ere 
prifereMy attached directly to a first dongete member 124 that is aurraonded by a secomi dongete member 126. 
The ribt 120 thcmithres are preferably made of e dape memory material sudi as ITitinol or stdnless steel A 
guidewire tip 128 eids in guiding the device thraugh the vessel 130. 

As in the other seM«peraiing embodimems. the ssK-upemling mechanism 100 (120) is in an unexpended 
state »«en em:losed by the second dongate member 108 (1261. and expends when pushed or pdled beyond the 
second dongete metdier 108 (1261. 
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FIGS. 12A and t2B Ihmratt how liKtrical mtins an bs osad to oentrote htat to expand an expansion 
mambar. A first aionotta member 82' (and a coil BO* which adjoins h. zqU 80' and member 82' beng sinilar to their 
unprimed counterparts) a pref srably made of beat actlvatBd Nitinol an iron basa shape mmory alloy, or another 
materia) thai expands when exposed to haat. As shown in FiG. 12A, low profile, low resistivity electrical lines 81 
end B3 preferably pass either through or aionp the second eionpete menkier 86 end are attached (e.o.. soldered) to 
the lirst elonoate member 82' on either side of the coii tfT. When euirent is appQed through the electrical fines 81 
and 83 (the power supply is not shown but is preferably outside the paiientl. the coi 80' heets up through resistwe 
heating, and the coil expands to urge the membrane 84 to eentaet the vessel wall 80. Altarnatively. as shown in 
FIG. 12B. the first elengete member 82* may have e coating B5 of geld or siver. In this embodmnt, the coated 
alangata member 82' is used to pass currant (with most of the currant praferaUy being carried by the coating 85. 
so that most of the energy is deposited in the cei 801, with the circuit being completed with a low resisthrity wire 
87 that is preferably connected le.g^ soldered) to eithr the second elongate member 86 or the sheath 94. This 
principle of resisthra huting to upand a expansion member cen be eppbed to the other ambodiments disclosed herein 
as well. 

R6S. 13A. 13B. and 13C iliustrBte how heat transfer using a iquid can deploy an expansion menter. The 
ribbons 1 QO' ere preferably made of heat activated Mitinol. an iron basa shape memory aHoy. 7r another material that 
expands tvhan exposed to heaL In the embodimem of FIG. 13A. a warm saline solution 107 is passed between the 
first and second elonoate members 106 and 108 and then over the membrane 102. so tiat heat is transferred to 
the ribbons 100'. As the riibons 100' heat up, they expand, thereby urgino the membrane 102 against the veuel 
well 104. As akistratad in R6. 13fi. the warm utoe solution 107 may also be pessed through the first elongete 
member 106 end then through holes 109 in member 106 so that the saline sohition 107 more directly transfers heat 
to the ribiions 100'. In this embodimem. one or more holes 1 1 1 in the mendirane 102 IdistsI to where the seat with 
the vessel wall 104 is made) may be used to allow the saline solution 107 to flow ewey beyond the riibm W 
after heat transfer to the ribbons occurs. As iiusuated in FIG. 13C, the seine solution 107 may else be passed 
through one or more closed loop coils or lumens 1 13 within the first elongata mente 106. bi this way. the ribbons 
100' and the patient's blood are not exposed directly to any soknion. Using heat transfer can also be epplied to 
the other embodrments disclosed hereii, provided the upansion member is suitebly constructed. 

L Mechanica»Y deploved embedimems 

Cither non-self-expandine seeling mechanism that can be used for occbtding e vessel are described below. 
In the embodiment of FIGS. 15-17. a first elongete member 140. preferably a pull wre. is (when the device is 
completely assembled) atuched to a brace member 144 thet is in turn etteehed to e first rng member 148. 
Adjoining the first ring member 148 end e second ring member 152 are a phtraiity of ribbons 156 that extend 
between the two ring members. Surrounding the ribbons 156 a a membrane 160 that fonns a seal with the 
patient's vessel 162 when the rbbons are expanded. The membrane 160 is joined to et least one and preferebly 
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both Of tho rmo members 148 and 152. The membrane 160 can bo joined to only on. of the ring members 148 
end 152, for eiample, when the roendvans 160 utends fsr enough h the longimdinal dircaion to permit the 
mentraoe to make a good saal with the wasseJ 162 ivhen the rftbom 156 are dtptoyed. 

To assembb the devtee, the first and second ting members 146 and 152. the ribbons 156, and the 
meahreaa 160 ara (daced u a unit aieund a second efamgate mendiar 166. whidi hu a pair of oppositeiy facinp 
holes 170 and 172. Tha brace iiwnter 144 is inserted thraooh the holes 170 and 172 and securH) to both the 
ladi wire 140 and the first ring msnter 148. Further, tha second imp manter 152 is secund to the second 
eisngato member 166. This assambirt eanfiguratien. with tha ribbons 158 in their iongitudinsi orintatian. is 
iustrated n FIG. 16. As Itastmad in RG. 17. when the pull wire 140 is retracted, the rSibons 156 (shown in 
phentem) and tha membrane 160 that anounds them era urged towards the msel 16Z where the merabranamaicas 
a sail with the vessel The ribbons 180 are preferably resiient ammgh so that they latwn to their faingitudinal 
orientstion when the pull wire 140 is released. The elasticity and resiienee of the pud wre 140 also Idps the 
rtoons 156 return to their undepieyed configuration. A guidawira tip 171 may be used to assist in guiding the 
device to the desired location in the vusel 162. 

A preferred way of retraetinp the puti wire 140 is shown in HQS. 18A and IBB. FIG. ISA shows the pull 
wire 140. which is anschsd to the brace member 144. A rotatabla handle 180 is attached to a todcing meirter 
184 wiiich in turn a fastened to the poR wire 140. When the lockng mendnr 184 clears the s«»nd elongate 
raembe- 166 within which it resides (wbieh is preferably eutside the patiem), tha lockng nmbsr and rotatable 
handle 180 may be oriented es ibistrsted si FIG. .18B to keep the pui win 140 taught, thereby prevemina the 
sealing mechanism from returning to its undepieyed posttion. The puH wire 140 nay be nade of stainlass or oitml 
and may have a diameter of 0.006-00)08 inches, for a catheter having an OJL of 0J)14'. for eiampie. 

An alternative to the deptoymem apparatus ilustrated fei FIGS. 18A and 18B is shown in nC. 19, hi which 
a handle member 190 is grasped by the eiirictan to retract the puH wire 140. thereby dephtying tha seeing 
raeehsnism. Once extended, the sealing mechanism preferably has tha tendency to return to its undepkiyad positnn. 
which SI the process puts the puB wire 140 beck into tha second elongate member 166. This can be prevented by 
inseriino a spacer member 194 between the handle mamber 190 and the second elongate men*er 166. Alter the 
medical procedure is complete, and oedusion of the vessel is no hinger required, the spacer mamber 194 can be 
removed and tha puU wire 140 end tha seeing medisnism returned to their respective unfeployed positions. The 
device un then be removed from the patient. 

AHheuph tha prndple of using a non-self-axpanding mechanism has been Ihistrated in FIGS. 1517 with 
respect to del ormabto ribbons, other min-self es^nding mecbanisma. as ikntratad ai FIGS. 20A 20D. can be empteyed 
in cenjunetkm with the brace mwober 144 and tha first and second ting ncmbets 148 and 152. For aianvle. 
■mead tf using ribbons 1 56, a non-soH-ntpending braided structure 200 can be used, in wNdi the braided atructura 
200 adjoins first ami second ring members 148 end 152 and is covered with a membrene 160 to form the unit 204 
shown in FIG. 20A. The unit 204 eon be used in conjunction with an dongata member 166. e brace mamber 144. 
a guidav/ire tip 171. a first ekmoata member 140 sodi as a puD wire, a rotatable hendk 180. and a kicking member 
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184 to form • inkt analooout to thi OimM dmia gf FIG. 15. Altmntivaly. othar inidim»» can be used 
for acurno the pull win 140, such u a hudls nwiter 190 and a spacer membar IS4. 

Other non-salt«panding meehanims such as a fiter-fte mesh 208. a slotted tubs 212. and eels 216 can 
be used to form uiu 220. 230. sml 240 anatogous to the brndsd stnicturi unit 204 as shown in FIBS. 208. 20C. 
and 200. Uohs 220. 230, and 240 can fkewise be used to eonsnuet davieu snaiooous to the libbon^ased device 
Ikistrated n RGS. IMS. Further, il unit 204 is used without a mentrane. it nay assist h blood perfusion if the 
braided striBtBte 200 is sutafair censtruetad. Akamatiirely, perforated mendiranas like menttanes 36* of FIG. 6B 
may ba used to pamit bleed perfusion. Attbauph tha ribbaas 156. the bnidad sttuetare 200. the fOter-ike inuh 
208. the slottad tube 212. and tha coils 216 must ba actively depleyad (0.9. with a puV wH 140), they ere 
navarthaiass sindar to thair salf'eipandino countarparts. 

It should be understeod that the scope of tha present imeniion is not ba imited by the lustrations or the 
foregoini description thereof, but rather by the appended deinB. and certein variations ami modifications of this 
invention wi suggest tfaemselws to one of ordinary skil in the art. 
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WHAT IS CLAIMED IS : 

1 . A device for ocdudino a vasodar stginm. conning: 
an aipansion msmbflf; and 

f irrt and sacond elonData mambars. whefcin said first dongate member enBapes said expansion member and 
said sacaml atonQata mamber ehoages said first aienoata mambar, said aipansion member eipandino to at laast 
partialv ocxkida the vasadar segment when ona of said elonoete members b moved longitudinaiy. 

2. The device of Claim 1. furtliar canvrisinQ a materiat that adjoins said eipansion member for 
creattnci a saaJ witfi tbe vascular seomant. 

3. The device of Cleim 2. wherein seid meteriel does not completely encepsulate said expansion 



4. The devrca of Claim I wherein said expension mamber b e filter«e mash etteched to an 
indantation withvt said first ejonpate mender. 

5. The device of Claim 1, wherein said expansion member is in an unexpended state when it is 
surrounded by said second eiongate mmUier. 

6. lYm device of Claim 5, wheren ssid expansion member expands when said first elongate member 
is pushed throtighsaid second eiongate member. 

7. The device of deim 5. wherein seid expension member is self*expanding. 

8. The device of Clami 7. wherein said salf-expandinp fflember comprisu a member selected fnmi the 
group ccnsisting of a breid. a coi a ribbon like structure, e slotted tube, e phiraity of ribs and a fiter-lie msh. 

9. The device of Claim 1. wherein said second elongate nrnmber is also secured to said expansion 



10. The device of Ctoim fl, whvein said expansion member expends es said first elongete 
retracted. 

11. The devce of Claim 9. wherein said expansion member comprbes a menter selected from the 
group consbting of e braid, a pkraJity of cois, a ribbon-bke stmcture, e slotted tube, and a fiter-Uke mesh. 

12. The device of Claim 9, wherein said expension member expends as the rriative position of said 
f est and second eiongate members changes. 

13. A method ol occluding e se^nant within a vessel comprising: 

insarting first and second elongete members into the vessel wherein the first elongate mendier adfoais en 
expansion memben and 

varying the position of at least one of the elonoete members so that the expamion meirter expends unti 
the wui is occluded. 

14. The method of Claim 13. in which said varying step comprises retractino one of the elongate 

members. 

15. The method of Claim 14. in which said retracting one of the etongate mambers causes the 
expansian member to expend. 



wo 99/42059 ^ PCT/US99/03544 

16. The method of Qaim 14, n which the upansbn Rmmbtr idions both ilonoate mmntMrs, and the 
relative position of the elooeate membv s is varied to expand the eipansion member until the vessel is occluded. 

17. The method of Claim 13, in which said varyinQ step comprises pushino one of the sloneate 
members through the other alonoate member. 

18. The method of Ctaim 13. further comprising: 
performinp a medical procedure near the ocduded site; and 

retrievng the eiofmate mamben and the ezpansien member from the vessef. 

19. A method* comprisinoi 

insertine an expension member within the vasset and 

heatino the expansion member to cause it to expand uml the vessel is at least partially ocduded. 

20. The method of Claim IS, in which the expension member is cemprised of e material selected from 
the group consisting of heal activated Nitinol and an iron base shepe memory alloy. 

21 . The method of Claim 19, in which said heating the expension membei comprises pessing electrical 
current through it. 

22. The method of Cbim 19, in which said heeting the expansion member comprises flowing wami 
solution near the expansion member to heat up the expension member. 
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